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Product 



The present invention relates to the use as a 
microorganism growth siabstrate of a bacterial biomass, 
in particular a bioraass, herein termed a "bacterial 
extract", deriving at least in part from a bacterial 
culture comprising a methanotrophic bacterium. 

Microorganisms are frequently grovm on commercial 
and laboratory scales, for exaitqple to produce desired 
substances from bacterial strains which either naturally 
produce such svibstances or have been genetically 
modified so as to produce such substances, or so as to 
determine the nature of a bacterial contamination, etc. 
For these purposes the microorganisms require nutrients 
and in this regard it is conventional to use yeast, meat 
or plant extracts which are widely available 
commercially, e.g. MRS (De Mann, Rogosa and Sharpe) , PCA 
(Plate Coxont Agar) , VRBD (Violet Red Bile Dextrose 
Agar) , YM Agar (Yeast Mould Agar) , Baird-Parker Agar 
Base, VRB Agar (Violet Red Bile Agar) , XLD Agar (Xylose 
Lysine Deoxycholate Agar) , CASO (Casein-peptone Soybean- 
peptone) , TSB (Tryptic Soy Broth) and NB (Nutrient 
Broth) . Yeast extract growth substrates (contained for 
exatt5)le in MRS, VRBD, VRB Agar, PCA, Baird-Parker Agar 
Base, and XLD Agar) are available commercially from 
Merck and Difco among others. Such yeast extracts are 
commonly produced using biomass from yeast cultures 
which has been allowed to autolyse, i.e. enzymes 
naturally occurring within the yeast cells act to break 
down the cells after cell death. Autolysis of yeast is 
generally slow and several days may be needed before a 
suitable degree of digestion is achieved. Accordingly, 
additives which act as autolysis initiators or 
stimulators, e.g. thiol agents, are generally used to 
accelerate the autolysis process. The use of such 
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additives of course adds to the costs of commercial 
production of yeast autolysates. To the resulting 
autolysates, extra nutrients may be added to optimize 
cell growth for particular microorganisms and indeed 
library deposits of microorganisms will generally 
specify which growth mediirai is most suitable for the 
deposited orgeuciism. 

Siiice different microorganisms have different 
nutritional needs there is of course an ongoing need for 
alternative and xxapxov&d microorganism growth media, 
particularly for growth media effective for growing 
those microorganisms which are challenging to grow in 
vitro (e.g. lactobacilli) and for "broad spectrum- 
growth media which may be suitable for use with unknown 
microorganisms . 

We have now surprisingly found that particularly 
effective microorganism growth media may be produced 
using the biomass harvested from a culture medium 
coir5)rising methanotrophic bacteria, e.g. biomass 
produced as described in WO 01/60974. 

Viewed from one aspect therefore the present 
invention provides the use of a sterile nutrient 
con5)osition derived from the biomass of a culture of 
bacteria including methanotrophic bacteria, and 
optionally containing further nutrients, as a 
microorganism growth medium. 

The bacterial culture used to produce the biomass 
is preferably at least 50%, more preferably at least 
60%, especially at least 70%, in particular at least 
75%, e.g. 75 to 95%, more particularly 75 to 80%, by 
weight methanotrophic bacteria (relative to the total 
bacterial weight) . 

Viewed from a further aspect the invention provides 
a method of culturing microorganisms which comprises 
bringing together a microorganism and a growth medium 
therefor, characterised in that said growth medium is or 
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is prepared from a sterile nutrient composition derived 
from the biomass of a culture of bacteria including 
methanotrophic bacteria, optionally with the addition of 
further nutrients. 

Viewed from a yet further aspect the invention 
provides a microorganism growth substrate comprising a 
sterile nutrient coii5>osition derived from the biomass of 
a culture of bacteria including methanotrophic bacteria, 
further containing at least one sterile nutrient, and 
optionally containing a diluent. 

The biomass from which the growth medium or 
substrate is prepared is preferably biomass generated 
from at least one species of methanotrophic bacteria and 
at least one species of heterotrophic bacteria, 
preferably grown in the same culture medium, e.g. using 
a loop reactor provided with methane, oxygen, ammonia, 
and mineral feeds. Suitable combinations of bacteria 
for generating the biomass are described for exaii5)le in 
WO 01/60974 the contents of which are incorporated by 
reference. One particularly suitable combination is 
Methylococcus capsulatus (Bath) (strain NCIMB 11132) , 
Ralstonia sp. DB3 (strain NCIMB 13287), Aneurinibacillus 
sp. DB4 (strain NCIMB 13288) and Brevibacillus agri DBS 
(strain NCIMB 13289) (each of these microorganisms is 
available from Norferm DA, Norway for the lifetime of 
the patent) . 

The biomass from the bacterial culture may be used 
directly (although generally after dewatering and 
sterilization) or it may first be processed to break 
down the bacterial cells, e.g. by homogenization, 
hydrolysis or autolysis. Such treatments are described 
in wool/ 6 0974 and International Patent Application Nos. 
PCT/GB03/000610 and PCT/GB03/000640 filed 12 February 
2003 which are also incorporated herein by reference. 
(Copies of these two International Patent Applications 
are also filed herewith.) While homogenizate. 
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hydrolysate and autolysate, especially dried 
homogenizate and more especially dried autolysate, of 
the bacterial biomass are the preferred materials for 
the preparation of microorganism growth media according 
to the invention, precursor materials obtained by 
filtration (e.g. ultra filtration) of the homogenized, 
autolysed or hydrolysed biomass, i.e. the liquid 
filtrate itself and the retentate, may also be used. 
Most preferred however is the dried autolysate. 

The microorganism growth medium may be the 
bacterial biomass product itself or a composition 
containing the biomass product and further constituents, 
e.g. a liquid or non- liquid carrier or diluent (such as 
water, gel (e.g. agar gel), or a gellable liquid), and 
materials such as minerals, carbon sources (such as 
saccharides (e.g. mono, di, oligo and polysaccharides, 
especially mono and di saccharides) ) , nitrogen sources 
(e.g. nitrates, proteins or protein fragments, ammonium 
confounds, oligopeptides, amino acids (especially 
essential amino acids, e.g. tryptophan)), nucleic acids 
and nucleic acid fragments, lipids, etc. Particularly 
preferably the medium contains glucose and added nitrate 
and mineral salts (e.g. potassium, calcium, magnesium, 
sodium, molybdenum, iron, zinc, boron, cobalt, manganese 
and nickel compounds) . especially glucose . The 
con5>osition as provided may be a sterile solid (e.g. 
particulate) , a semi-solid or a liquid in ready to use 
or concentrate form. Especially preferably the 
conqposition as provided will be a sterile dry 
particulate concentrate transformable into a growth 
medium by the addition of water or an aqueous gelling 
agent compo sit ion . 

Wherein the con5)Osition contains added glucose, 
this is preferably in a dry mass basis weight ratio of 
5:1 to 1:5 (especially 2 si to 1:2) relative to the 
biomass deriving component. Where the conqoosition 
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contains added nitrate and mineral salts this is 
preferably in a weight ratio of 0.01:1 to 0.2:1 
(especially 0.05:1 to 0.1:1) relative to the biomass 
deriving component- Where the composition as provided 
contains no added glucose and/or nitrate mineral salts, 
it is preferred that the preparation of the growth 
medium involve addition of one or both such components 
in the weight ratios specified above. 

The con5)ositions of the invention are particularly 
suitable for use as growth substrates for heterotrophic 
microorganisms, especially heterotrophic algae, yeast or 
bacteria, in particular anaerobic bacteria such as 
lactobacilli (e.g. I., plantarum, L. acidophilus), 
aerobic bacteria such as E. coli, and algae such as 
Crypthecodinium cohnii. 

The invention will now be illustrated further with 
reference to the following non- limiting Exanqples and the 
accompanying Figures in which: 

Figure 1 illustrates results of fermentation 
studies in a fermentor of A) L. acidophilus and B) L. 
plantarum on MRS ( — ) and on BP Autolysate (...). 
Addition of 25% NaOH (g) and OD 620nm (for fermentation 
on MRS) versus time (h) . 

Figure 2 illustrates data from E. coli fermentation 
studies on yeast extract, BP Extract and BP Autolysate - 

Figure 3 illustrates lysine production in various 
fermentations as a function of time and type and amount 
of added complex N- source. 

EXAMPLE 1 
Biomass Extracts 

Methanotrophic and heterotrophic bacteria (Methylococcus 
capsulatus (Bath) (strain NCIMB 11132) Ralstonia sp. DB3 
(strain NCIMB 13287), Aneurinibacillus sp. DB4 (strain 
NCIMB 13288) and Brevibacillus agri DB5 (strain NCIMB 
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13289) , each available from Norferm DA, Norway) were 
cultivated as described in WOOl/60974 and the resulting 
biotnass harvested and treated as described in WOOl/60974 
to produce spray-dried homogenizate (hereinafter "BP 
Homogenizate"), as described in International Patent 
Application NO. PCT/GB03/000610 to produce spray-dried 
hydrolysate (hereinafter "BP Hydrolysate") , and as 
described in International Patent Application No. 
PCT/GB03/000640 (see e.g. Example 1) to produce an 
autolysate (hereinafter "BP Extract"). Where the post- 
autolysis ultrafiltration and evaporation steps in the 
production of "BP Extract" are omitted, the product is 
referred to herein as "BP Autolysate". Preparation of 
such a product is described, for example, in Examples 3 
and 4 of international Patent Application No. 
PCT/GB03/000640. The product referred to as "BP 
Retentate" is an ultra-high- ten^erature treated biomass 
that was homogenized. The product referred to as "BP 
Permeate" corresponds essentially to the product of the 
ultrafiltration step in the production of -BP Extract" . 

All materials described above are available from Norferm 
DA, NojHtfay . 

Microorganism growth media were produced by adding BP 
Homogenizate, BP Autolysate, BP Extract, BP Retentate 
and BP Permeate to demineralized water at a 
concentration of Ig/L. These media were then used 
either directly or with the addition of 0.1 g/L glucose 
and/or 32.4 mL/L Nitrate Mineral Salt medium (NMS) . 

NMS comprises: 



l.Og KNO3 

0.2g CaCl2.2HjO 

l.Og MgSO, .VHjO 
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0.1 tnL trace element solution* 

0.1 tnL sodium molybdate solution (5g/L NaMoO,.2IL,0 in 
demineralized water) 

0.1 tnii EDTA solution (45g/li FeNaEDTA . 2IL,0 in water) 
water - to IL 

10 mL/L sterile phosphate buffer (35. 6g Na^HPO^ .211^0, 
26. Og KlLjPO^ and water to IL) was added. 

*6.4g ZnS04.7H20 

150 mg H3BO3 

600 mg C0SO4.7H2O 

130 mg MnCl^ 

100 mg NiCla-eiliO 

demineralized water - to IL 

All media were autoclaved before use. 

An agar-based microorganism growth medium was also 

prepared containing : 

32-2 g/L BP Extract 

20.0 g/Ii glucose 

34 raL/L NMS medium 

14.0 g/L agar 

demineralized water to IL 

This was autoclaved before use. 

EXAMPLE 2 

MicroorQanism Growth Tests 

Aerobic and anaerobic. Gram positive and Gram negative 
bacteria were grown in a shake flask using the liquid 
growth media of Exati^le 1 and, as controls, growth media 
recommended for the bacterial strains. The optical 
density of the cultures was monitored as an indicator of 
the obtained bacterial growth (i.e. the "plateau" or 
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Stationary phase with the highest number of 
results are set out in Table 1 below. 



Table 1 



Baoteritim 


£s eadlanoxias 


Baaillu^ 


X*aotoi>aciJlus 
plantarua 


Escherichia, 
cell 


Chaxac fce iri. s fci.es 


G(-) , aeixab 


G(+), aerob 


G(-i-) « anaerob 


G(-), aerob 


Control Substirate 


CASO 


NB 


MRS 


TSB 










BP Bomogenisafce 


+ 


+++ 


+++ 


+ 


BP Extract: 


+++ 


+++ 


+++ 


+++ 


BP Autolysate 




+++ 


+++ 


+++ 


BP Retentate 


+ 




+++ 


+++ 


BP Permeate 


+ 




+++ 





— s No combinations of the BP derivative were better 
than control substrate. 

+ : some combinations of the BP derivative were as good 
as the control substrate - 

+++ s Some combinations of the BP derivative were 
clearly better than control substrate. 

For E. coli, BP Extract with added glucose clearly 
provided the best growth- For L. plantarum, all 
combinations of BP Extract clearly gave the best growth. 
For P. aeruginosa, all combinations of BP Extract gave 
the best growth, in particular BP Extract with added 
glucose. For B. subtilis, BP Extract with added glucose 
and both glucose and NMS added clearly gave the best 
growth . 
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EXAMPLE 3 

Viability of Unknown Ba cteria 

Agar gels (PCA, MRS-agar, and BP Extract with agar 
(Example 1) pH 6 . 0 and 7.1) were spread with unJcnown 
microorganisms taken from a sait5)le of chopped meat. The 
cultures were incubated for 72 hours at 25°C and the 
total piate count was recorded. For BP Extract, log 
(CFU/g) was between 5 and about 6.6 while for MRS it was 
less than 1. For PCA log (CFU/g) was about 6.7, i.e. 
barely higher. 

EXAMPLE 4 

Lactobacillus Viability 

The lactobacillus strains L. casei ssp. rharanosus 
(strain ATCC 7469), L. delbruekii ssp. lactis (strain 
ATCC 7830), L. fermentum (strain CCUG 30138), L. gasseri 
(strain ATCC 19992), and L- plantarum (strain ATCC 8014) 
were grown under aerobic conditions on MRS agar and BP 
Extract agar (Exattqole 1) . In all cases the yiability, 
measured as log (CFU/mL) , was the same or greater for BP 
Extract. This was most pronounced for L. delbruekii. 
The same strains were also grown on these media under 
anaerobic conditions and again viability was the same or 
better in all cases for BP Extract. 



EXAMPLE 5 

Production of Polyunsaturated Fatty Acids 

Crypthecodinium cohnii (Seligo) Javomicky (strain ATCC 
30772) was grown on a culture medxum con5)rising 9g/L 
glucose, 25g/L sea salt and 2g/L of either yeast extract 
(YE) or BP Extract in demineralized water. After two 
days of incubation, the cells were harvested and the 
total fatty acid, cell dry weight (CDW) and 22 s 6 
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(docosahexaenoic acid) contents were determined. The 
results are set out in Table 2 below. 



Table 2 



Culture Medium 


CDW (g/l.) 


Upld (%) 


I>ipld (g/l>) 


22:6 ()) 


22:6 (g/l*) 


YE 


3.2 


12.0 


0-39 


36.1 


0.139 


BP Extract 


4.2 


7.9 


0.33 


40.9 


0.135 



Table 2 shows that the CDW and the percentage of the 
polyunsaturated fatty acid 22 » 6 was higher when BP 
Extract was used. 

EXAMPUS 6 

Growth of Lactobacillus j n media rontaining BP 
Autolysate 

Growth of the lactobacillus strains L. plantarum and L. 
acidophilus on a media with complex cottqponents replaced 
with BP Autolysate (Exattqole 1) was con?>ared to that 
using standard MRS-media in flasks and in fermentations. 



Experiments in £laskss 

Lactobacillus was grown in anaerobic flasks to compare 
the properties of BP Autolysate to that of existing 
products on the market- The coir5)lex components in MRS- 
media (see Table 3) were substituted with BP Autolysate 
according to Table 4 such that the total Nitrogen 
content was kept constant. 
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Table 3 : Total Nitrogen (%) in the complex media 
components 





Total Hltrogen (%) 


Bacto peptone (Oxoid) 


14 


Beef Extract, desiccated 
(Dif co) 


14 


Yeast Extract (Difco) 


10.9 


BP Autolysate (Norf erm) 


10.5 



Table 4 : Complex media components 



Media 


Peptone 
bacteriological 

(9/1) 


Beef 
Extract 
(9/1) 


Yeast 
Extract 
(g/1) 


BP 

Autolysate 
(g/1) 


MRS 


10 


10 


5 


0 


CA-1 




10 


5 


13 


CA-2 


10 




5 


13 


CA-3 


10 


10 




5 


CA-4 








32 



Eaqperiments in £ermenters 

Two fermentations were performed on each strain; one 
with a standard media, MRS, and one in which the complex 
components in MRS were replaced by BP Autolysate (media 
CA-4 in the flask experiment) . 

Methods for experiments performed in anaerobic flasks s 
Inoculum: 1 ml seed lot of L- plant arum and L. 
acidophilus was used to inoculate 80 ml MRS-broth 
(Oxoid) and incubated at 3TC for 20h. For the strain L. 
acidophilus the MRS-broth was adjusted to pH 5.5. 
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Cultivation conditions: The complex media substrates 
were used according to Table 4 while the other media 
con^jonents were kept constant (Table 5) . All conqponents 
except glucose were mixed, the pH was adjusted to 6.0 
and pH 5.5, respectively and autoclaved at 121" C. 20 
min. The glucose was autoclaved separately. The flasks 
were flushed with nitrogen before inoculation. 

Two flasks were inoculated and one was used as control. 
0.5 ml inoculum was used per flask. The flasks were 
inoculated sidewise at 37°C, 100 rpm in 20h and 24h 
respectively. Samples were analysed for pH and CFU/ml. 



Table 5 

flasks 



Media con5)Osition for experiments in anaerobic 



Media 


MRS 


CA-1 


CA-2 


CA-3 1 


CA-4 


Componexi^ 








Bacto pept:one 


10.0 




10.0 


10.0 




Beef Extract, 
desiccated 


10,0 


10.0 




10.0 




Yeast extract 


5.0 


5.0 


5.0 






BioProtein 
Autolysate 


0.0 


13.0 


13.0 


5.0 


32.0 




3.0 


3.0 


3.0 


3.0 


3.0 


KH2PO4 


3.0 


3.0 


3.0 


3.0 


3.0 


NaAc 


5.0 


5.0 


5.0 


5.0 


5.0 


{Na)3-citrate 


2.4 


2.4 


2,4 


2.4 


2.4 


MgSO^* 7H3O 


0.20 


0.20 


0.20 


0.20 


0.20 


MnSO^* 7H3O 


0.05 


0.05 


0.05 


0.05 


0.05 


Tween 8 0 


1.0 


1.0 


1.0 


1-0 


1.0 


Glucose 


20.0 


20.0 


20.0 


20.0 


20.0 
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Methods for fermentations x 

inoculum: The same conditions were used as for the 
flask experiments: 1 ml seed lot of L. plantarum and L. 
acidophilus was used to inoculate 80 ml MRS-broth 
(Oxoid) and incubated at 2TC for 20h. For the strain L. 
acidophilus the MRS-broth was adjusted to pH 5.5. 
Cultivation conditions-. All fermentation experiments 
were performed in a; 7.5-1. Chemap fermentor. Batch runs 
of 7 L were inoculated with 70 ml inoculum. The complex 
media substrates were used according to MRS and CA-4 and 
the rest of the cotiponents were kept as in the flask 
experiment except that (Na)3-citrate (2.40 g/D was 
changed to (NH,) citrate (2.00 g/1) (Table 6). All 
con5)onents except glucose were mixed, the pH was 
adjusted to 6.0 and pH 5.5, respectively and autoclaved 
at 12 rc, 20 min. The glucose was autoclaved separately. 

The fermentations were run at 37''C and the pH was kept 
constant at pH 5.8 for L. plantarum and pH 5.5 for L. 
acidophilus with addition of 25% NaOH. The fermentation 
was stopped when the addition of NaOH ceased. 
Precautions were taken to minimize mixing of air into 
the media. The end product was analysed for CFU on MRS 
agar (Oxoid) and contamination on blood-agar and TSA 
(Dif co) . 



wo 03/089625 



PCT/GB03/01689 



- 14 - 



Table 6: Media conqposition for fermentations 





MRS 


BP 

Autolysate 
(CA-4) 


Component: 


(g/1) 


Bacto peptone 


10-0 




Beef Extract:, 
desiccated 


10.0 




Yeast extract 


5.0 




BP Autolysate 


0.0 


32.0 


KaHP04 


3.0 


3.0 


KHaPO^ 


3.0 


3.0 


NaAc 


S.O 


5.0 


(NH4)3-citrate 


2.0 


2.0 


MgSO^* 7H2O 


0.20 


0.20 


MnS04* 7HaO 


0.05 


0.05 


Tween 80 


1.0 


1.0 


Glucose 


20.0 


20.0 



Results of eaqperiments in flasks s 



Table 7 s Flask experiment for production of L- plantarum. 
Co«?>osition of the media with respect to the growth substrates 
(g/L). viability of L. plantarum (CFU/ml.) and pH after 20h at 37-C. 
The other components of the MRS-media were not changed. The pH in 
the media was adjusted to 6.0. Two parallels were performed for 
each experiment. 



Medium 


Bacto 
Feptione 


Beef 
Extract 


Yeast 
Extract 


BP 
Auto- 
lysate 


P^ 


a 


Viabi 
(CPU 


lity 
/tnL] 


MRS 


10 


10 


5 


0 


3 .72 


3 .74 


3 .8x10^ 


4.4x10'' 


CA-1 




10 


5 


13 


3.71 


3 .74 


5 . 5x10' 


4 .6x10' 


CA-2 


10 




5 


13 


3.74 


3.75 


4.3x10=' 


6 . 0x10' 
3 .8x10=^ 


CA-3 


10 


10 




5 


3 .72 


3 .77 


3 .8x10'' 


6 . 5x10^ 


CA-4 








32 


3.78 


3 .77 


7.4x10' 
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Table 8 i Flask experiment for production of It. acidophilus. 
Composition of the media with respect to the growth substrates 
(g/L) , viability of L. acidophilus (CFU/tnL) and pH after 24h at 
370c. The other coii«>onents of the MRS-media were not changed. Th« 
pH in the media was adjusted to 5.5. Two parallels were performed 



for each eaqperiment. 



Medixoa 


Bact:o 
Peptone 


Bee£ 
BxCinact: 


Teast 
Extract 


BP 
Auto- 
lysate 


pH 


Viabi 
CCPU 


lity 


MRS 


10 


10 


5 


0 


3-99 


4.02 


1 . 2x10' 


1.3x10=* 


CA-1 




10 


5 


13 


3.79 


3.75 


1.6x10' 


1.3x10' 


CA-2 


10 




5 


13 


3.75 


3.76 


2 . 0x10^ 


2.1x10' 


CA-3 


10 


10 




5 


3.95 


3.98 


1.2x10' 


1.2x10' 


CA-4 








32 


3.74 


3 .78 


2 . 1x10' 


2.4x10' 



Results of experiments in fermenterss 

For both strains, the CPU and the usage of sodium 
hydroxide indicates equal or better growth on the media 
containing BP Autolysate compared to standard conqplex 
components in MRS. The fermentation time was for both 
strains shorter on BP Autolysate than on MRS. The 
results are summarized in Table 9 and in Figure 1. No 
contamination was observed at any time. 



Table 9 8 summary of fermentations on MRS (with complex media 
components Peptone bacteriological 10 (g/D , Beef Extract 10 (g/1). 
Yeast Extract 5 (g/1)) and with coii?>lex media coii5>onents exchanged 
with BP Autolysate 32 (g/1) 





Ii. acidophilus 


Ij . plantarum 


MRS 


BP Autolysate 


MRS 


BP Autolysate 


CFU/ml 


1.0*10' 


5.7*10' 


8.15*10' 


1.4*10^^ 


25% NaOH (g) 


175.0 


171.5 


166.0 


170.5 


Fermentation time 
(h) 


16.8 


12.2 


8.5 


7.5 
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Conclusions : 

Both flask and fermentation experiments showed at least 
equivalent or in5)roved growth on media which include BP 
Autolysate than standard MRS. 

BXftMPLB 7 

R. coli fei^nentation fn-r R-aalactosidase production 

The aim of the study was to test alternative BP 
Autolysates as a source of nitrogen in E. coli 
fermentation. BP Extract and BP Autolysate (Example 1) 
were tested and con?>ared to a standard yeast extract. 

methods 

The oxygen saturation was kept above 20%. The 
teii?)erature was 37°C and the pH was 6.8. Initially the 
fermentation was done in batch mode with 50% C-source 
and 50% N- source with minerals added. At OD«o 10 the 
remaining N- source was added over a period of one hour. 
At glucose levels lower than CTgL'S glucose was fed. 
Glucose was also monitored through pH* 1) pH >6.8 
glucose feed increased, and 2) pH < 6.75 glucose feed 
reduced and NaOH added. 



Feeds : 



1. C-source as glucose, and 

2 . N- source 

a. Yeast Extract 
b- BP Extract 

c. BP Autolysate (at a concentration of 1.5 times 
that of the Yeast Extract and the BP Extract) . 



wo 03/089625 



PCT/GB03/01689 



- 17 - 



After 4.5 hours ITPG (iso -propyl -beta-D- 
thiogalactopyranoside) was added as an inducer of p- 
galactosidase . 

Results are shown in Figure 2 and confirm that the 
enzyme production was similar for the three N- sources. 

EXAMPLE 8 

Analysis of BP Autolysate as complex N- source for L- 
Ivsine overproducing strai ns of Corynebacterium 
alutamicum NRRL B- 114 70 

The aim of the study was to caapare BP Autolysate 
(Exaii?)le 1) with soy hydrolysate (Bacto soytone) as a 
con5)lex N- source for production of lysine by 
fermentation with a lysine overproducing mutant of C. 
glutamicum . 

Lysine production was compared in fermentations 
performed in 3 liter glass fermentors with 1 liter 
medium with C. glutamicum NRRL B- 11470 . The medium 
cort5>osition was the same in all fermentations except for 
the complex N- source, which was either BP Autolysate or 
soytone (14, 21 or 28 g per liter) . 

Results i 

The main results of the fermentations are summarized in 
Table 10. The lysine production as a function of the 
fermentation time is also shown in Figure 3. 

Generally, the lysine production rate increases with 
increasing concentration of complex N-source, probably 
because the cell concentration increases with increasing 
addition of complex N-source. However, the production 
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rate is significantly higher in cultures to which BP 
Autolysate is added, than in cultures with the. same 
amount of soytone added. Due to the high concentration 
of particles in BP Autolysate, it was not possible to 
determine the optical density in the fermentations with 
BP Autolysate. Therefore we have no estimate for the 
cell mass in these fermentations. However, the higher 
production rate is probably due to a higher cell 
concentration in the fermentations with BP Autolysate 
than in the corresponding fermentations with soytone. 
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The final lysine yield per unit glucose was 
approximately the same in most of the fermentations, 
0.17-0.19 g lysine HCl/g glucose, independent of the 
type and amount of conqolex N-source added. Possibly, 
the yield is slightly higher, 0.21-0.22 g lysine HCl/g 
glucose, in fermentations with 21 g per liter BP 
Autolysate added. 

Gonclusions s 



The fermentation studies clearly show that BP 
Autolysate is a good alternative to soytohe, and seems 
to be superior to soytone with respect to production 
rate in fermentors. The increased production rate is 
probably due to a higher cell concentration in 
fermentations with BP Autolysate than in fermentations 
with the same amount of soytone. The reason for this 
is unknown, but it may be that BP Autolysate because 
of its bacterial origin, matches the cell requirements 
for growth better than soytone with respect to such 
components as ribonucleic acids, cell wall building 
cortqponents , lipids etc . 



